Hamiltonian General Relativity in Finite Space and Cosmological
  Potential Perturbations by Barbashov, B. M. et al.
ar
X
iv
:a
str
o-
ph
/0
51
18
24
v2
  5
 D
ec
 2
00
5
Hamiltonian General Relativity in Finite Spae
and Cosmologial Potential Perturbations
B.M. Barbashov
1
, V.N. Pervushin
1
, A.F. Zakharov
1,2,3,4
, and V.A. Zinhuk
1
,
1
Joint Institute for Nulear Researh,
141980, Dubna, Russia
2
National Astronomial Observatories of Chinese Aademy of Sienes,
Beijing 100012, China
3
Institute of Theoretial and Experimental Physis, 25, 117259, Mosow
4
Astro Spae Center of Lebedev Physis Institute of RAS, Mosow
Abstrat
The Hamiltonian formulation of general relativity (GR) is onsidered in finite spae-time
and a speifi referene frame given by the diffeo-invariant omponents of the Fok simplex
in terms of the Dira  ADM variables.
The evolution parameter and energy invariant with respet to the time-oordinate trans-
formations are onstruted by the separation of the osmologial sale fator a(x0) and its
identifiation with the spatial averaging of the metri determinant, so that the dimension of
the kinemetri group of diffeomorphisms oinides with the dimension of a set of variables
whose veloities are removed by the Gauss-type onstraints in aordane with the seond
Nother theorem. This oinidene allows us to solve the energy onstraint, fulfil Dira's
Hamiltonian redution, and to desribe the potential perturbations in terms of the Lih-
nerowiz sale-invariant variables distinguished by the absene of the time derivatives of the
spatial metri determinant. It was shown that the Hamiltonian version of the osmologial
perturbation theory aquires attributes of the theory of superfluid liquid, and it leads to a
generalization of the Shwarzshild solution.
The astrophysial appliation of this approah to GR is onsidered under supposition
that the Dira  ADM Hamiltonian frame is identified with that of the Cosmi Mirowave
Bakground radiation distinguished by its dipole omponent in the frame of an Earth ob-
server.
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1. Introdution
In the year of elebration of the 90th anniversary of general relativity (GR) [1, 2℄ one an
distinguish two treatments of general oordinate transformations i.) as generalization of the
frame transformations and ii.) as diffeomorphisms of the GR ation and a geometri interval.
There is an essential differene between the frame group of the Lorentz  Poinare-type [3℄
leading to a set of initial data and the diffeomorphism group of general oordinate transformations
restriting these initial data by onstraints. This differene was revealed by two Nother theorems
[4℄
1
. It beame evident in the light of the formulation of GR in terms of the Fok simplex [7℄
defined as a diffeo-invariant Lorentz vetor that helps us to separate diffeomorphisms from
transformations of referene frames.
Just this separation of diffeomorphisms from the frame transformations is a starting position
of this paper devoted to the onsideration of GR in finite spae-time in a speifi referene frame
given by the diffeo-invariant omponents of the Fok simplex in terms of the Dira  ADM
variables [8℄ widely used for the Hamiltonian formulation of GR. Fixing the Hamiltonian frame
one an determine the group of diffeomorphisms of this frame.
Another starting position of the paper is the kinemetri group of diffeomorphisms of this
Hamiltonian frame established in [9℄. This kinemetri group ontains global parametrizations
of the oordinate time and loal transformations of three spatial oordinates, and it requires
to distinguish a set of variables with the same dimension, veloities (or momenta) of whih are
1
One of these theorems (the seond) was formulated by Hilbert in his famous paper [2℄ (see also its revised
version [5℄). We should like to thank V.V. Nesterenko who draw our attention to this fat [6℄.
2
removed by the Gauss-type onstraints from the phase spae of diffeo-invariant physial variables
in aordane with the seond Nother theorem.
A similar Hilbert-type [2, 5℄ geometro-dynami formulation of speial relativity (SR) [10,
11, 12℄ with reparameterizations of the oordinate evolution parameter shows that the energy
onstraint fixes a veloity of one of the dynami variables that beomes a diffeo-invariant dynami
evolution parameter. In partiular, in SR suh a dynami evolution parameter is well known, it
is the fourth omponent of the Minkowskian spae-time oordinate vetor.
In order to realize a similar onstrution of the Dira  ADM Hamiltonian GR [8℄, one should
point out in GR a homogeneous variable that an be a diffeo-invariant evolution parameter in the
field spae of events [10℄ in aordane with the kinemetri diffeomorphism group of GR in the
Hamiltonian frame [9℄. The osmologial evolution is the irrefutable observational argument
in favor of existene of suh a homogeneous variable onsidered in GR as the osmologial sale
fator.
The separation of the osmologial sale fator from metris in GR is well-known as the
osmologial perturbation theory proposed by Lifshits [13, 14℄ and applied as the basi tools
for analysis of modern observational data in astrophysis and osmology [15℄. However, as it
was shown in [16, 17℄, the Hamiltonian analysis of the standard Lifshits perturbation theory
reveals that perturbation of the spatial metri determinant should be split from the osmologi-
al sale fator by the projetion operator onto nonhomogeneous lass funtions, otherwise the
determinant perturbations ontain one more variable equivalent to the sale fator that is the
obstrution to the Hamiltonian approah.
Thus, in the Dira approah to GR this homogeneous evolution parameter is not split;
whereas the standard osmologial perturbation theory ontains two suh-type variables; so
that in both the ases the dimension of the Hamiltonian onstraints does not oinide with the
dimension of the diffeomorphism group, whih ontradits the seond Nother theorem.
In the present paper, in order to restore the number of variables of the initial GR, a homo-
geneous evolution parameter as a osmologial sale fator a(x0) is identified with the spatial
averaging the metri determinant in the Dira - ADM Hamiltonian referene frame with a finite
spae-time.
We show that this formulation of GR an solve the energy-time problem in both lassial
and quantum GR, and the latter has some attributes of the theory of superfluidity. In partiu-
lar, there are spatial determinant free (i.e sale-invariant) variables introdued by Lihnerowiz
[18, 19℄, in terms of whih the lassial GR ontains only the Landau-type frition-free dy-
namis independent of the veloity-veloity interation [20℄. It leads to resolution of the energy
onstraint with respet to the osmologial sale momentum so that its positive and negative
values beome the generators of evolution of all sale-invariant field variables. The negative
energy problem is solved by the primary and seondary quantization that leads to London's
unique wave funtion [21℄ and Bogoliubov's squeezed ondensate [22, 23℄, respetively. All these
attributes are aompanied by a set of physial onsequenes that an be understood as quantum
effets.
The diffeo-invariant Hamiltonian version of osmologial perturbation theory is applied in
order to onsider topial problems of modern osmology by the low-energy deomposition of the
redued ation in terms of the Lihnerowiz variables that identify onformal quantities with
observables. It means that the Hubble law is explained by the evolution of masses, so that
the Dark Energy hosen as the homogeneous free salar field [24, 25, 26℄ is in agreement with
primordial nuleosynthesis [27℄ and the last Supernova data [28, 29℄. In this approah to GR and
Standard Model (SM) all matter (inluding CMB radiation) appears as a final deay produt of
primordial vetor W-, Z- bosons osmologially reated from the vauum when their Compton
length oinides with the universe horizon [30, 31℄. The equations desribing longitudinal vetor
3
bosons in SM, in this ase, beome lose to the equations of the Lifshits perturbation theory whih
are used in the lassial inflationary model for desription of the power primordial spetrum of
the CMB radiation [32℄. This means that the onsidered referene frame is identified with the
CMB radiation one.
2. The Dira  ADM Hamiltonian approah in terms of a simplex
2.1. GR in terms of Fok's simplex of referene
GR is given by two fundamental quantities: the dynami ation
S =
∫
d4x
√−g
[
−ϕ
2
0
6
R(g) + L(M)
]
≡ SGR + SM, (1)
where ϕ20 =
3
8pi
M2Planck =
3
8piG
, G is the Newton onstant in the units ~ = c = 1, L(M) is the
Lagrangian of the matter field, and a geometri interval
gµνdx
µdxν ≡ ω(α)ω(α) = ω(0)ω(0) − ω(1)ω(1) − ω(2)ω(2) − ω(3)ω(3), (2)
where ω(α) are linear differential forms as omponents of an orthogonal simplex of referene [7℄.
GR in terms of Fok's simplex ontains two priniples of relativity: the geometri  general
oordinate transformations
xµ → x˜µ = x˜µ(x0, x1, x2, x3), ω(α)(xµ) → ω(α)(x˜µ) = ω(α)(xµ) (3)
and the set of transformations of a referene frame identified with the Lorentz transformations
of an orthogonal simplex of referene
ω(α) → ω(α) = L(α)(β)ω(β). (4)
The invariane of the ation with respet to frame transformations means that there are integrals
of motion (the first Nother theorem [4℄); whereas the invariane of the ation with respet
to diffeomorphisms means that a part of degrees of freedom orresponds to pure gauge non-
dynamial variables and diffeo-invariant potentials defined by onstraints.
2.2. Diffeo-invariant variables and potentials
Aording to the seond Nother theorem [4℄, in any theory invariant with respet to diffeo-
morphisms there are onstraints of veloities (momenta) that remove part of variables as pure
gauge ones. These onstraints are established in the speifi referene frame distinguished by
the Lorentz vetor lµ = (1, 0, 0, 0) [33℄.
In partiular, in QED in the Minkowskian spae-time given by equations ∂µF
µν = Jν , the
invariane of the theory with respet to diffeomorphisms well known as gauge transformations
Aµ → A˜µ = Aµ + ∂µλ, Ψ → Ψ˜ = eieλΨ allows us to remove the pure gauge longitudinal
omponent, if λ = λT is hosen so that it satisfies the equation △λT = ∂kAk. After this
transformation the zero omponent of the equations ∂µF
µ0 = J0 known as the Gauss onstraint
takes the form△AT0 = JT0 (see [33℄). Thus, all four omponents of the vetor field Aµ = (A0, Ak)
an be split into the pure gauge longitudinal omponent ∂kAk, a diffeo-invariant potential
△AT0 = △A0 − ∂k∂0Ak, and two diffeo-invariant transverse dynami variables ATi (∂kATk ≃ 0).
The potential equation is distinguished by the Laplaian △AT0 without the time derivatives in
ontrast to the dynami variable equation with d'Alambertian ATk . Thus, the seond Nother
theorem [4℄ means that diffeomorphisms lead to the first lass onstraints removing pure gauge
veloities, whereas the orresponding pure gauge variables are removed by the seond lass
onstraints. There are similar problems in GR where a referene frame is given as a simplex.
4
2.3. The Dira  ADM variables
The similar separation of diffeo-invariant dynami metri omponents from potentials in GR is
fulfilled in the speifi referene frame in terms of the Dira  ADM variables [8℄ defined as the
Lihnerowiz transformation to the sale-invariant quantities ω
(L)
(µ) [18, 19℄
ω(0) = ψ
6Nddx
0 ≡ ψ2ω(L)(0) , ω(b) = ψ2e(b)i(dxi +N idx0) ≡ ψ2ω
(L)
(b) ; (5)
here triads e(a)i form the spatial metris with det |e| = 1, Nd is the Dira lapse funtion, N i is
shift vetor and ψ is a determinant of the spatial metri.
The Hilbert ation (1) in terms of the Dira variables (5) takes the form
SGR =
∫
d4x [K[ϕ0|e] −P[ϕ0|e] + S[ϕ0|e]] , (6)
where
K[ϕ0|e] = Ndϕ20
[
−4vψ2 +
v2(ab)
6
]
, (7)
P[ϕ0|e] = Ndϕ
2
0ψ
7
6
[
(3)R(e)ψ + 8△ψ
]
, (8)
S[ϕ0|e] = 2ϕ20 [∂0vψ]− ∂j
[
2ϕ2(N jvψ) +
ϕ20
3
ψ2∂j(ψ6Nd)
]
, (9)
are the kineti, potential, and surfae terms, respetively,
vψ =
1
Nd
[
(∂0 −N l∂l) logψ − 1
6
∂lN
l
]
, (10)
v(ab) =
1
2
(
e(a)iv
i
(b) + e(b)iv
i
(a)
)
, (11)
v(a)i =
1
Nd
[
(∂0 −N l∂l)e(a)i +
1
3
e(a)i∂lN
l − e(a)l∂iN l
]
(12)
are veloities of the metri omponents, △ψ = ∂i(ei(a)ej(a)∂jψ) is the ovariant Laplae operator,
(3)R(e) is a three-dimensional urvature expressed in terms of triads e(a)i:
(3)R(e) = −2∂i [ei(b)σ(c)|(b)(c)]− σ(c)|(b)(c)σ(a)|(b)(a) + σ(c)|(d)(f)σ(f)|(d)(c). (13)
Here
σ(a)|(b)(c) = e
j
(c)∇ie(a)ke k(b) =
1
2
e(a)j
[
∂(b)e
j
(c) − ∂(c)ej(b)
]
(14)
are the oeffiients of the spin-onnetion (see [34℄ Eq. (98.9)), ∇ie(a)j = ∂ie(a)j − Γkije(a)k are
ovariant derivatives, and Γkij =
1
2
e
k
(b)(∂ie(b)j + ∂je(b)i).
The definition of anonial momenta
pψ =
∂K[ϕ0|e]
∂(∂0 ln ψ˜)
= −8ϕ2vψ, (15)
pi(b) =
∂K[ϕ0|e]
∂(∂0e(a)i)
= ei(a)
ϕ2
3
v(ab) (16)
5
allows us to represent the ation (6) in the Hamiltonian form
SGR =
∫
dx0
∫
d3x
(∑
F
PF∂0F + C −NdT 00
)
, (17)
where PF = (pψ, p
i
(b)) are the set of momenta (15)  (16),
T 00 = ψ
7△ˆψ +
∑
I=0,8
ψIτI , (18)
is the sum of the Hamiltonian densities
ψ7△ˆψ ≡ ψ7 4ϕ
2
3
∂(b)∂(b)ψ, (19)
τI=0 =
6p(ab)p(ab)
ϕ2
− 16
ϕ2
p2ψ, (20)
τI=8 =
ϕ2
6
R(3)(e), (21)
here p(ab) =
1
2
(ek(a)p(b)k + e
k
(b)p(a)k), and
C = N(b)T 0(b) + λ0pψ + λ(a)∂kek(a) (22)
is a set of the Lagrangian multipliers with Dira onstraints, inluding three first lass onstraints
T 0(a) = 0, where
T 0(a) = T
0
i e
i
(a) = −pψ∂(a)ψ +
1
6
∂(a)(pψψ) + 2p(b)(c)σ(b)|(a)(c) − ∂(b)p(b)(a) (23)
and fourth seond lass ones [8℄ ∂ke
k
(a) = 0, pψ = 0. The last onstraint means the zero veloity
of the spatial volume element
pψ = −8ϕ20vψ = 0→ ∂0(ψ6) = ∂l(ψ6N l), (24)
and it leads to the positive Hamiltonian density (20).
In this ase, the equation of motion of the spatial determinant takes the potential form
7Ndψ
7△ˆψ + ψ△ˆ[Ndψ7] +Nd
∑
I=0,8
IψIτI = 0. (25)
One an see that in a region of the spae, where two dynami variables are absent e(a)k = δ(a)k
(i.e. τI=0,8 = 0) there is the Shwarzshild-type solution of equations δS/δNd = −T 00 = 0 and
(25) that an be written in the form
△ˆψ = 0, △ˆ[Ndψ7] = 0 → ψ = 1 + rg
r
, [Ndψ
7] = 1− rg
r
, Nk = 0 (26)
where rg is the onstant of the integration given by the boundary onditions.
One an see that the spatial oordinate diffeomorphisms xi → x˜i = x˜i(x0, x1, x2, x3) an
be used in order to fix three graviton momenta by the first lass onstraint (23) and remove
the orresponding onjugate variables (i.e. three longitudinal gravitons) by the seond lass
onstraint ∂ke
k
(a) = 0 in omplete orrespondene with the appliation of the seond Nother
theorem in QED [33℄ (see Setion 2.2).
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2.4. Problems of a diffeo-invariant evolution parameter
However, the time oordinate diffeomorphisms x0 → x˜0 = x˜0(x0, x1, x2, x3) violate this QED/GR
orrespondene, beause the time first lass onstraint T 00 = 0 fixes not veloity but variable ψ,
and its veloity is removed by the seond lass onstraint pψ = 0. Moreover, the Hamiltonian
approah to GR is not invariant with respet to the time oordinate transformations. One an
see that the solution (26) violates the symmetry of the interval (5) ω
(L)
(0) = ψ
4Nddx
0
with respet
to reparameterizations of the time-oordinate (3) x0 → x˜0 = x˜0(x0).
Zel'manov found [9℄ that a referene frame determined by forms (5) is invariant with respet
to diffeomorphisms
x0 → x˜0 = x˜0(x0); xi → x˜i = x˜i(x0, x1, x2, x3) , (27)
N˜d = Nd
dx0
dx˜0
; N˜k = N i
∂x˜k
∂xi
dx0
dx˜0
− ∂x˜
k
∂xi
∂xi
∂x˜0
. (28)
Only this group of transformations onserves a family of hypersurfaes x0 = const., and it is alled
the kinemetri subgroup of the group of general oordinate transformations. The kinemetri
subgroup ontains only homogeneous reparameterizations of the oordinate evolution parameter
(x0) and three loal transformations of the spatial oordinates. This means that in finite spae-
time the diffeo-variant quantity (x0) and the orresponding zero energy (18) are not observable.
We propose here to solve this problem as in [11, 12℄, where the frame (5) is redefined by
pointing out diffeo-invariant homogeneous time-like variable in aordane with the dimension
of the diffeomorphism group (27).
3. Diffeo-invariant formulation of GR
3.1. A homogeneous sale fator as evolution parameter
The Friedmann osmology and the osmologial perturbation theory [13, 14℄ applied as the
basi tools for analysis of modern observational data in astrophysis and osmology [15℄ are the
irrefutable arguments in favor of identifiation of suh a diffeo-invariant homogeneous evolution
parameter with the osmologial sale fator a(x0). This fator is introdued by the sale
transformation of the metris gµν = a
2(x0)g˜µν and any field F
(n)
with the onformal weight (n):
F (n) = an(x0)F˜
(n)
. In partiular, the urvature
√−gR(g) = a2
√
−g˜R(g˜)− 6a∂0
[
∂0a
√
−g˜ g˜00
]
(29)
an be expressed in terms of the new lapse funtion N˜d and spatial determinant ψ˜ in Eq. (5)
N˜d = [
√
−g g00]−1 = a2Nd, ψ˜ = (
√
a)−1ψ. (30)
In order to keep the number of variables, we identify log
√
a with the spatial volume averaging
of logψ
log
√
a = 〈logψ〉 ≡ 1
V0
∫
d3x logψ, (31)
where V0 =
∫
d3x < ∞ is a finite volume. In this ase, the new determinant variable ψ˜ should
be given in the orthogonal lass of funtions satisfying the identity∫
d3x log ψ˜ =
∫
d3x [logψ − 〈logψ〉] ≡ 0. (32)
7
One an all these funtions the deviations. The operation of deviation Πde ·µ = µ = µ−〈µ〉
is orthogonal to the operation of averaging Πav · µ = 〈µ〉. The sum of these two operations is
equal to unity Πde ·µ+Πav ·µ = Iµ, and square of these operations give them again: Π2de = Πde
and Π2av = Πav. One an see that the operations of averaging 〈µ〉 and deviation µ = µ− 〈µ〉
have properties of projetion operators.
Therefore, the variation of any funtional of a deviation µ = µ−〈µ〉 S[µ] = S[Πde ·µ] with
respet to the deviation
δS[Πde · µ]
δ(Πde · µ) = Πde ·
[
δS[µ]
δµ
]
(33)
is a deviation.
After the sale transformation (29), (30) ation (1) takes the form
S[ϕ0] = S˜[ϕ]−
∫
dx0(∂0ϕ)
2
∫
d3x
N˜d
; (34)
here S˜[ϕ] is the ation (1) in terms of metris g˜, where ϕ0 is replaed by the running sale
ϕ(x0) = ϕ0a(x
0) of all masses of the matter fields.
The energy onstraint
δS[ϕ0]
δN˜d
= −T 00 =
(∂0ϕ)
2
N˜2d
− T˜ 00 = 0 (35)
takes the algebrai form [11℄, where
T˜ 00 ≡ −
δS˜[ϕ]
δN˜d
(36)
is the loal energy density. This equation has the exat solution in both the loal setor
Ninv = 〈(N˜d)−1〉N˜d =
〈√
T˜ 00
〉
√
T˜ 00
, (37)
and the homogeneous one [
dϕ
dζ
]2
≡ ϕ′2 = ρ(0) ≡
〈√
T˜ 00
〉2
, (38)
where
ζ(ϕ0|ϕ) ≡
∫
dx0〈(N˜d)−1〉−1 = ±
∫ ϕ0
ϕ
dϕ˜〈√
T˜ 00 (ϕ˜)
〉
(39)
is a diffeo-invariant time-oordinate and Ninv is the diffeo-invariant lapse funtion.
One an see that in the diffeo-invariant formulation of GR there is the almost omplete
QED/GR orrespondene of the appliation of the seond Nother theorem, beause the energy
onstraint (38) fixes the homogeneous veloity of the osmi evolution. This fixation an be
treated as the Hubble law in osmology. The sale fator an be removed from the redued
phase spae of diffeo-invariant variables, but not from measurable quantities, by the Hamiltonian
redution.
In Appendix A it was shown that the interations with matter in terms of the sale-invariant
Lihnerowiz variables F
(n)
(L) = ψ
−2nF (n), where n is the onformal weight, do not ontain the
time derivatives of the spatial determinant.
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3.2. The diffeo-invariant Hamiltonian formulation
In order to alulate the anonial momenta, let us write the Hilbert ation (1) in terms of the
new Dira variables (30)
SGR[g = a
2g˜] =
∫
d4x [K[ϕ|e] −P[ϕ|e] + S[ϕ|e]] −
∫
dx0
(∂0ϕ)
2
N˜d
=
∫
dx0LGR, (40)
where
K[ϕ|e] = N˜dϕ2
[
−4v2 +
v2(ab)
6
]
, (41)
P[ϕ|e] = N˜dϕ
2ψ˜7
6
[
(3)R(e)ψ˜ + 8△ψ˜
]
, (42)
S[ϕ|e] = 2ϕ2 [∂0v]− ∂j
[
2ϕ2(N jv) +
ϕ2
3
ψ˜2∂j(ψ˜6Nd)
]
, (43)
are the kineti, potential, and quasi-surfae terms, respetively,
v =
1
N˜d
[
(∂0 −N l∂l) log ψ˜ − 1
6
∂lN
l
]
, (44)
v(ab) are veloities of the metri omponents given by Eqs. (11) and (12), △ψ = ∂i(ei(a)ej(a)∂jψ)
is the ovariant Laplae operator,
(3)R(e) is a three-dimensional urvature expressed in terms of
triads e(a)i (13).
One an see that the Lagrangian in the ation (40) inludes three terms desribing the spatial
metri determinant
LGR =
∫
d3xLGR = −
∫
d3xNd
[
4ϕ2 (v)2 + 4ϕ
∂0ϕ
N˜d
v +
(
∂0ϕ
N˜d
)2]
+ ..., (45)
where the first term arises from K (41), the seond one (i.e. the veloity interation) goes from
the first term in S (43), and the third term goes from the sale fator term in Eq. (40).
Keeping the number of variables 〈log ψ˜〉 ≡ 0 (32) and their veloities
〈v〉 ≡ 0 (46)
means that both log ψ˜ and v are given in the lass of deviation funtions distinguished by
the projetion operator F = F − 〈F 〉. In this lass of funtions the seond term in Eq. (45)
disappears. In this ase momenta (54) and pψ beome
Pϕ ≡ ∂LGR
∂(∂0ϕ)
= −
∫
d3x2
∂0ϕ
N˜d
= −2V0ϕ′ (47)
and
pψ ≡ ∂LGR
∂(∂0 log ψ˜)
= −8ϕ2v = −8ϕ
2
N˜d
[
(∂0 −N l∂l) log ψ˜ − 1
6
∂lN
l
]
. (48)
All veloities are expressed in terms of anonial momenta, so that the Dira Hamiltonian ap-
proah beomes onsistent (see Appendix A).
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In the diffeo-invariant version of GR in finite spae-time one an express the ation in Hamil-
tonian form in terms of momenta (47), (48) Pϕ and PF = [pψ, p
i
(a), pf ]
S[ϕ0] =
∫
dx0
[∫
d3x
(∑
F
PF∂0F + C − N˜dT˜ 00
)
− Pϕ∂0ϕ+
P 2ϕ
4
∫
d3x(N˜d)−1
]
, (49)
where C = N iT 0i + C0pψ + C(a)∂kek(a) is the sum of onstraints with the Lagrangian multipliers
N i, C0, C(a) and the energymomentum tensor omponents T
0
i ; these onstraints inlude the
transversality ∂ie
i
(a) ≃ 0 and the Dira minimal surfae [8℄
pψ ≃ 0 ⇒ ∂j(ψ˜6N j) = (ψ˜6)′ (N j = N j〈N−1d 〉). (50)
The first lass onstraints inluding three loal ones (25) T i0 = 0 and the Hamiltonian
version of the homogeneous part of the energy onstraint (38)
P 2ϕ = E
2
ϕ, (51)
where
Eϕ = 2
∫
d3x
√
T˜ 00 = 2V0
〈√
T˜ 00
〉
, (52)
fix three loal longitudinal momenta and one homogeneous momentum Pϕ, so that the dimension
of the first lass onstraints oinides with the dimension of the kinemetri group of diffeomor-
phisms (27) of the Hamiltonian formulation of GR. The similar desription of the first lass
onstraint for the relativisti string is onsidered in Appendix B.
3.3. The Lifshits perturbation theory as an obstale to Hamiltonian approah
Let us onsider the definition of the deviation v in the lass of funtion
〈v〉 6= 0, (53)
that does not keep the number of variable in GR. In this lass of funtions there is the oinidene
of the homogeneous anonial momentum
Pϕ ≡ ∂LGR
∂(∂0ϕ)
= −
∫
d3x
[
4ϕ v + 2
∂0ϕ
N˜d
]
(54)
with the zero Fourier harmonis of pψ =
∂LGR
∂(∂0 log ψ˜)∫
d3xpψ ≡
∫
d3x
∂LGR
∂(∂0 log ψ˜)
= −2ϕ
∫
d3x
[
4ϕv + 2
∂0ϕ
N˜d
]
≡ 2ϕPϕ. (55)
This means that the veloities ould not be expressed in terms of anonial momenta and the
system with the additional variable is not the Hamiltonian one. It is just the ase of the standard
osmologial perturbation theory [13, 14, 15℄ based on the interval
ds2 = a2(η)(1 + 2Φ)dη2 − a2(η)(1 − 2Ψ)dxidxj (56)
for whih the Einstein equations
2Rµν − δµνR = 4piG T µν ≡ tµν
10
take the form (see Eq.(4.15) in [15℄)
− 3H(HΦ+Ψ′) +△Ψ = δt00 (57)
3[(2H′ +H2)Φ +HΦ′ +Ψ′′ + 2HΨ′] +△(Φ−Ψ) = δtii, (58)
where H = a′/a, and δtµν are the perturbations. These equations follow from the variational
priniple, if the orrespondent ation of the type of (40) (onsidered in [15℄, see Eq. (10.7) p. 261)
ontains the veloity-veloity interation. One an be onvined that in this ase the anonial
momenta Pa ≡ ∂LGR
∂(∂0a)
and PΨ ≡
〈
∂LGR
∂(∂0Ψ)
〉
oinide 2aPa = PΨ. The Hamiltonian approah
is failure, as veloities Va = ∂0a and VΨ = 〈∂0Ψ〉 ould not be expressed in terms of Pa, PΨ.
The strong onstraints 〈Ψ〉 ≡ 0; 〈∂0Ψ〉 ≡ 0 return us bak to the Hamiltonian GR.
As we see below, the main differenes of the frition-free version of GR from the Lifshits
version [13, 15℄ are the potential perturbations of the salar omponents Ninv, ψ˜ (given by Eqs.
(70)  (78) in Setion 4) instead of the kineti ones and the nonzero shift vetor Nk 6= 0
(determined by Eq. (62)). Reall that just the kineti perturbations are responsible for the
primordial power spetrum in the inflationary model [15℄. The problem appears to desribe
CMBR by the potential perturbations.
3.4. The Hamiltonian redution
One an find the evolution of all field variables F (ϕ, xi) with respet to ϕ by variation of the
redued ation obtained as values of the Hamiltonian form of the initial ation (49) onto the
energy onstraint (51)
S[ϕ0]Pϕ=±Eϕ =
ϕ0∫
ϕ
dϕ˜
{∫
d3x
[∑
F
PF∂ϕF + C¯ ∓ 2
√
T˜ 00 (ϕ˜)
]}
, (59)
where C¯ = C/∂0ϕ˜ [11℄.
Here the redued Hamiltonian funtion given by Eq. (52) an be treated as the universe
energy by analogy with the partile energy in speial relativity (SR). The redued Hamiltonian√
T˜ 00 is Hermitian, as the minimal surfae onstraint (50) removes a negative ontribution of pψ
from energy density. Thus, the diffeo-invariane gives us the solution of the problem of nonzero
energy in GR by the Hamiltonian redution like solution of a similar problem in SR.
One an see, that in the diffeo-invariant formulation of GR onsidered here the Hubble
parameter beomes the generator of evolution with respet to the dynami evolution parameter
that abandons the redued phase spae but not the set of observables. The similar solution of
the problem of the energy for the relativisti string is onsidered in Appendix B.
The main onsequene of the separation of the osmologial sale fator is the globalization
of the energy onstraint (51). It fixes only the sale momentum Pϕ± = ±Eϕ, the values of whih
beome the generator of evolution of all variables with respet to the evolution parameter ϕ [11℄
forward and bakward, respetively. The negative energy problem an be solved by analogy
with the modern quantum field theory as the primary quantization of the energy onstraint
[P 2ϕ −E2ϕ]Ψu = 0 and the seondary quantization Ψu = (1/
√
2Eϕ)[A
+ +A−] by the Bogoliubov
transformation A+ = αB++β∗B−, in order to diagonalize the equations of motion by the
ondensation of universes < 0| i
2
[A+A+−A−A−]|0 >= R(ϕ) and desribe osmologial reation
of a number of universes< 0|A+A−|0 >= N(ϕ) from the stable Bogoliubov vauum B−|0 >= 0
[23℄. Vauum postulate B−|0 >= 0 leads to an arrow of the invariant time ζ ≥ 0 (39) and its
11
absolute point of referene ζ = 0 at the moment of reation ϕ = ϕI ; whereas the Plank value
of the running mass sale ϕ0 = ϕ(ζ = ζ0) belongs to the present day moment ζ0.
The redued ation (59) shows us that the initial data at the beginning ϕ = ϕI are indepen-
dent of the present-day ones at ϕ = ϕ0, therefore the proposal about an existene of the Plank
epoh ϕ = ϕ0 at the beginning [15℄ looks very doubtful.
4. The Diffeo-Invariant Salar Potential Perturbations
4.1. The Hamiltonian perturbation theory
In diffeo-invariant formulation of GR in the speifi referene frame the salar potential pertur-
bations an be defined as N−1int = 1+ ν and ψ˜ = e
µ = 1+µ+ ..., where µ, ν are given in the lass
of funtions distinguished by the projetion operator F = F − 〈F 〉, so that 〈F 〉 ≡ 0.
The expliit dependene of the metri simplex and the energy tensor T˜ 00 on ψ˜ an be given
in terms of the sale-invariant Lihnerowiz variables [18℄ introdued in Appendix A (A.4) and
ω
(L)
(0) = ψ˜
4Nintdζ, ω
(L)
(b) = e(b)k[dx
k +N kdζ], (60)
T˜ 00 = ψ˜
7△ˆψ˜ +
∑
I
ψ˜Ia
I
2
−2τI , τI ≡ 〈τI〉+ τI , (61)
where △ˆψ˜ ≡ 4ϕ
2
3
∂(b)∂(b)ψ˜ is the Laplae operator and τI is partial energy density marked by
the index I running a set of values I = 0 (stiff), 4 (radiation), 6 (mass), and 8 (urvature)
in orrespondene with a type of matter field ontributions onsidered in Appendix A (A.22) 
(A.25) (exept of the Λ-term, I = 12). The negative ontribution −(16/ϕ2)pψ2 of the spatial
determinant momentum in the energy density τI=0 an be removed by the Dira onstraint [8℄
of the zero veloity of the spatial volume element (50)
pψ = −8ϕ2 ∂ζ ψ˜
6 − ∂l[ψ˜6N l]
ψ˜6Nint
= 0. (62)
The diffeo-invariant part of the lapse funtion Nint is determined by the loal part (37) of the
energy onstraint (35) that an be written as
T˜ 00 = N
−2
int ρ(0), → N−1int =
√
T˜ 00 ρ
−1/2
(0) , (63)
where ρ(0) =
〈√
T˜ 00
〉2
. In the lass of funtions F = F−〈F 〉, the lassial equation δS/δ log ψ˜ = 0
takes the form
N˜dψ˜
∂T˜ 00
∂ψ˜
+ ψ˜△
[
∂T˜ 00
∂△ψ˜
N˜d
]
= 0.
Using the property of the deviation projetion operator (33) δS/δµ = D = D − 〈D〉, where
µ = log ψ˜, we got the following equation
7Ninvψ˜
7△ˆψ˜+ψ˜△ˆ[Ninvψ˜7]+Ninv
∑
I
Iψ˜Ia
I
2
−2τI = ρ(1), (64)
where ρ(1) =
〈
7Ninvψ˜
7△ˆψ˜+ψ˜△ˆ[Ninvψ˜7]+
∑
I
Iψ˜Ia
I
2
−2τI
〉
. Using (63) we an write for ψ˜ a
nonlinear equation
(T˜ 00 )
−1/2
[
7ψ˜7△ˆψ˜+
∑
I
Iψ˜Ia
I
2
−2τI
]
+ ψ˜△ˆ[(T˜ 00 )−1/2ψ˜7] = ρ(1)ρ−1/2(0) . (65)
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In the infinite volume limit ρ(n) = 0, a = 1 Eqs. (63) and (64) oinide with the equations
of the diffeo-variant formulation of GR T 00 = 0 and (25) onsidered in Setion 2.3.
For the small deviations N−1int = 1 + ν and ψ˜ = e
µ = 1 + µ + ... the first orders of Eqs. (63)
and (64) take the form
(−△ˆ − ρ(1))µ + 2ρ(0)ν = τ (0), (66)
(14△ˆ + ρ(2))µ − (△ˆ+ ρ(1))ν = − τ (1), (67)
where
ρ(n) = 〈τ(n)〉 ≡
∑
I
Ina
I
2
−2〈τI〉 (68)
τ(n) =
∑
I
Ina
I
2
−2τI . (69)
The set of Eqs. (83) and (84) gives ν and µ in the form of a sum
µ =
1
14β
∫
d3y
[
D(+)(x, y)T(+)(y)−D(−)(x, y)T(−)(y)
]
, (70)
ν =
1
2β
∫
d3y
[
(1 + β)D(+)(x, y)T(+)(y)− (1− β)D(−)(x, y)T(−)(y)
]
, (71)
where
β =
√
1 + [〈τ(2)〉 − 14〈τ(1)〉]/(98〈τ(0)〉), (72)
T(±) = (7τ(0) − τ(1)) ± 7βτ(0) (73)
are the loal urrents, D(±)(x, y) are the Green funtions satisfying the equations
[±mˆ2(±) − △ˆ]D(±)(x, y) = δ3(x− y), (74)
where mˆ2(±) = 14(β ± 1)〈τ(0)〉 ∓ 〈τ(1)〉.
The redued Hamiltonian funtion (52) in terms of this solutions takes the form of the
urrent-urrent interation
Eϕ = 2
∫
d3x
√
T 00 = 2V0
√
〈τ(0)〉+ (75)
+
1
14β
√
〈τ(0)〉
∫
d3x
∫
d3y
[
T(+)(x)D(+)(x, y)T(+)(y) + T(−)(x)D(−)(x, y)T(−)(y)
]
.
In the ase of point mass distribution in a finite volume V0 with the zero pressure and the density
τ(1) =
τ(2)
6
≡∑
J
MJ
[
δ3(x− yJ)− 1
V0
]
, solutions (70), (71) take a very important form
µ(x) =
∑
J
rgJ
4rJ
[
γ1e
−m(+)(z)rJ + (1− γ1) cosm(−)(z)rJ
]
, (76)
ν(x) =
∑
J
2rgJ
rJ
[
(1− γ2)e−m(+)(z)rJ + γ2 cosm(−)(z)rJ
]
, (77)
where
γ1 =
1 + 7β
14β
, γ2 =
(1− β)(7β − 1)
16β
, rgJ =
3MJ
4piϕ2
, rJ = |x− yJ |, m2(±) = mˆ2(±)
3
4ϕ2
.
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The minimal surfae (50) ∂i[ψ
6N i] − (ψ6)′ = 0 gives the shift of the oordinate origin in the
proess of evolution
N i =
(
xi
r
)(
∂ζV
∂rV
)
, V (ζ, r) =
r∫
0
dr˜ r˜2ψ˜6(ζ, r˜). (78)
In the infinite volume limit 〈τ(n)〉 = 0 these solutions take the standard Newtonian form: µ =
D · τ(0), ν = D · [14τ(0) − τ(1)], N i = 0 (where △ˆD(x) = −δ3(x)).
4.2. Perturbation theory as generalization of Shwarzshild solution
One an see that another hoie of variables for salar potentials rearranges the perturbation
series and leads to another result. In order to demonstrate this fat, let us hoose the lapse
funtion (37) as Ninvψ˜
7 = 1 − ν1 and keep ψ˜ = 1 + µ1. In order to simplify equations of the
salar potentials Nint, ψ˜, one an introdue new table of symbols:
Ns = ψ
7Ninv, T (ψ˜) =
∑
I
ψ˜(I−7)a
I
2
−2τI , ρ(0) =
〈√
T˜ 00
〉2
= ϕ′2. (79)
In terms of these symbols the ation (49) an be presented as a generating funtional of equations
of the loal salar potentials Ns, ψ˜ and field variables F in terms of diffeo-invariant time ζ:
S[ϕ0] =
∫
dζ
∫
d3x
[∑
F
PF∂ζF + Cζ −Ns
(
△ˆψ˜ + T (ψ˜)
)
− ψ˜
7ρ(0)
Ns
]
, (80)
where Cζ = C(dx
0/dζ).
The variations of this ation with respet to Ns, ψ˜ lead to equations
△ˆψ˜ + T (ψ˜) = ψ˜
7ρ(0)
N2s
, (81)
ψ˜△ˆNs +Nsψ˜∂ψ˜T + 7
ψ˜7ρ(0)
Ns
= ρ(1), (82)
respetively, we have used here the onstraint (62) and the deviation projetion operator (33)
aording to whih ρ(1) = 〈ψ˜△ˆNs +Nsψ˜∂ψ˜T + 7ψ˜7ρ(0)/Ns〉.
One an see that in the infinite volume limit ρ(n) = 〈τI〉 = 0 Eqs. (81) and (82) redue to
the equations of the onventional GR with the Shwarzshild solutions ψ = 1+
rg
4r ; Ns = 1− rg4r
in empty spae, where Eqs. (81) and (82) beome △ˆψ = 0, △ˆNs = 0.
For the small deviations Ns = 1 − ν1 and ψ˜ = 1 + µ1 the first orders of Eqs. (81) and (82)
take the form
[−△ˆ+ 14ρ(0) − ρ(1)]µ1 + 2ρ(0)ν1 = τ (0) (83)
[7 · 14ρ(0) − 14ρ(1) + ρ(2)]µ1 + [−△ˆ+ 14ρ(0) − ρ(1)]ν1 = 7τ (0) − τ (1), (84)
where
ρ(n) = 〈τ(n)〉 ≡
∑
I
Ina
I
2
−2〈τI〉. (85)
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This hoie of variables determines µ1 and ν1 in the form of a sum
ψ˜ = 1 + µ1 = 1 +
1
2
∫
d3y
[
D(+)(x, y)T
(µ)
(+)(y) +D(−)(x, y)T
(µ)
(−)(y)
]
, (86)
Ninvψ˜
7 = 1− ν1 = 1− 1
2
∫
d3y
[
D(+)(x, y)T
(ν)
(+)(y) +D(−)(x, y)T
(ν)
(−)(y)
]
, (87)
where β are given by Eqs. (72)
T
(µ)
(±) = τ(0) ∓ 7β[7τ(0) − τ(1)], T
(ν)
(±) = [7τ(0) − τ(1)]± (14β)−1τ(0) (88)
are the loal urrents, D(±)(x, y) are the Green funtions satisfying the equations (74) where
mˆ2(±) = 14(β ± 1)〈τ(0)〉 ∓ 〈τ(1)〉. In the finite volume limit these solutions for ψ˜,Ninv oinide
with solutions (70) and (71), where ν1 = ν − 7µ and µ1 = µ.
In the ase of point mass distribution in a finite volume V0 with the zero pressure and the
density τ(0)(x) =
τ(1)(x)
6
≡M
[
δ3(x− y)− 1
V0
]
, solutions (86), (87) take a form
ψ˜ = 1 +
rg
4r
[
γ1e
−m(+)(z)r + (1− γ1) cosm(−)(z)r
]
, (89)
Ninvψ˜
7 = 1− rg
4r
[
(1− γ2)e−m(+)(z)r + γ2 cosm(−)(z)r
]
, (90)
where γ1 =
1 + 7β
2
, γ2 =
14β − 1
28β
, rg =
3M
4piϕ2
, r = |x − y|. Both hoies of variables (76),
(77) and (89), (90) have spatial osillations and the nonzero shift of the oordinate origin of the
type of (78).
In the infinite volume limit 〈τ(n)〉 = 0, a = 1 solutions (89) and (90) oinide with the
isotropi version of the Shwarzshild solutions: ψ˜ = 1+
rg
4r
, Ninvψ˜
7 = 1− rg
4r
, Nk = 0. It is of
interest to find an exat solution of Eq. (65) for different equations of state.
5. Cosmi Mirowave Bakground Radiation
5.1. Status of SN data in terms of the sale-invariant variables
Einstein's orrespondene priniple [11℄ as the low-energy expansion of the redued ation (59)
over the field density Ts
2dϕ
√
T 00 = 2dϕ
√
ρ0(ϕ) + Ts = dϕ
[
2
√
ρ0(ϕ) + Ts/
√
ρ0(ϕ)
]
+ ...
gives the sum: S(+)|constraint = S(+)cosmic + S(+)field + . . ., where S(+)cosmic[ϕI |ϕ0] = −2V0
ϕ0∫
ϕI
dϕ
√
ρ0(ϕ) is
the redued osmologial ation (59), and
S
(+)
field =
η0∫
ηI
dη
∫
V0
d3x
[∑
F
PF∂ηF + C¯ − Ts
]
(91)
is the standard field ation in terms of the onformal time: dη = dϕ/
√
ρ0(ϕ), in the onformal
flat spaetime with running masses m(η) = a(η)m0.
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Figure 1: The Hubble diagram [25, 26℄ in ases of the sale-variant units of standard osmology
(SC) and the sale-invariant ones of onformal osmology (CC). The points inlude 42 high-
redshift Type Ia supernovae [28℄ and the reported farthest supernova SN1997ff [29℄. The best fit
to these data requires a osmologial onstant ΩΛ = 0.7, ΩCDM = 0.3 in the ase of SC, whereas
in CC these data are onsistent with the dominane of the rigid (stiff) state.
This expansion shows us that the Hamiltonian approah in terms of the Lihnerowiz sale-
invariant variables (60) and (A.4) identifies the onformal quantities with the observable ones
inluding the onformal time dη, instead of dt = a(η)dη, the oordinate distane r, instead of
Friedmann one R = a(η)r, and the onformal temperature Tc = Ta(η), instead of the standard
one T . Therefore, the sale-invariant variables distinguish the onformal osmology (CC) [24, 35℄,
instead of the standard osmology (SC). In this ase, the red shift of the spetral lines of atoms
on osmi objets
Eemission
E0
=
matom(η0 − r)
matom(η0)
≡ ϕ(η0 − r)
ϕ0
= a(η0 − r) = 1
1 + z
is explained by the running masses m = a(η)m0 in ation (91).
The onformal observable distane r loses the fator a, in omparison with the nononformal
one R = ar. Therefore, in the ase of CC, the redshift  oordinate-distane relation dη =
dϕ/
√
ρ0(ϕ) orresponds to a different equation of state than in the ase of SC [24℄. The best fit
to the data, inluding Type Ia supernovae [28, 29℄, requires a osmologial onstant ΩΛ = 0.7,
ΩCDM = 0.3 in the ase of the sale-variant quantities of standard osmology. In the ase of
onformal quantities in CC, the Supernova data [28, 29℄ are onsistent with the dominane of
the stiff (rigid) state, ΩRigid ≃ 0.85 ± 0.15, ΩMatter = 0.15 ± 0.15 [24, 25, 26℄. If ΩRigid = 1, we
have the square root dependene of the sale fator on onformal time a(η) =
√
1 + 2H0(η − η0).
Just this time dependene of the sale fator on the measurable time (here  onformal one) is
used for desription of the primordial nuleosynthesis [26, 27℄.
This stiff state is formed by a free salar field when Eϕ = 2V0
√
ρ0 = Q/ϕ. In this ase there
is an exat solution of Bogoliubov's equations of the number of universes reated from a vauum
with the initial data ϕ(η = 0) = ϕI ,H(η = 0) = HI [23℄.
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Figure 2: Longitudinal (NZ(x)) omponents of the boson distribution versus the dimensionless
time τ = 2ηHI and the dimensionless momentum x = q/MI at the initial dataMI = HI [30, 31℄.
5.2. Cosmologial reation of matter
These initial data ϕI and HI are determined by the parameters of matter osmologially reated
from the Bogoliubov vauum at the beginning of a universe η ≃ 0.
The Standard Model (SM) density Ts in ation (91) shows us that W-, Z- vetor bosons
have maximal probability of this osmologial reation due to their mass singularity [30℄. One
an introdue the notion of a partile in a universe if the Compton length of a partile defined
by its inverse mass M−1I = (aIMW)
−1
is less than the universe horizon defined by the inverse
Hubble parameter H−1I = a
2
I (H0)
−1
in the stiff state. Equating these quantitiesMI = HI one an
estimate the initial data of the sale fator a2I = (H0/MW)
2/3 = 10−29 and the primordial Hubble
parameter HI = 10
29H0 ∼ 1 mm−1 ∼ 3K. Just at this moment there is an effet of intensive
osmologial reation of the vetor bosons desribed in [30, 31℄ (see Fig. 2); in partiular, the
distribution funtions of the longitudinal vetor bosons demonstrate us a large ontribution
of relativisti momenta. Their onformal (i.e. observable) temperature Tc (appearing as a
onsequene of ollision and sattering of these bosons) an be estimated from the equation in
the kineti theory for the time of establishment of this temperature η−1relaxation ∼ n(Tc)× σ ∼ H,
where n(Tc) ∼ T 3c and σ ∼ 1/M2 is the ross-setion. This kineti equation and values of the
initial data MI = HI give the temperature of relativisti bosons
Tc ∼ (M2I HI)1/3 = (M20H0)1/3 ∼ 3K (92)
as a onserved number of osmi evolution ompatible with the Supernova data [24, 28, 29℄. We
an see that this value is surprisingly lose to the observed temperature of the CMB radiation
Tc = TCMB = 2.73 K.
The primordial mesons before their deays polarize the Dira fermion vauum (as the origin
of axial anomaly [36, 37, 38, 39℄) and give the baryon asymmetry frozen by the CP  violation.
The value of the baryonantibaryon asymmetry of the universe following from this axial anomaly
was estimated in [30℄ in terms of the oupling onstant of the superweak-interation
nb/nγ ∼ XCP = 10−9. (93)
The boson life-times τW = 2HIηW ≃ (2/αW )2/3 ≃ 16, τZ ∼ 22/3τW ∼ 25 determine the present-
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Figure 3: The diffusion of a system of partiles moving in the spae ds2 = dη2 − (dxi+N idη)2
with periodi shift vetor N i and zero momenta ould be understood from analysis of O.D.E.
dxi/dη = N i onsidered in the two-dimensional ase in [40℄, if we substitute t = m(−)η and
N i ∼ xir sinm(−)r in the equations, where m(−) is defined by Eq. (77).
day visible baryon density
Ωb ∼ αW = αQED/ sin2 θW ∼ 0.03. (94)
All these results (92)  (94) testify to that all visible matter an be a produt of deays of
primordial bosons, and the observational data on CMBR an reflet parameters of the primordial
bosons, but not the matter at the time of reombination. In partiular, the length of the semi-
irle on the surfae of the last emission of photons at the life-time of W-bosons in terms of the
length of an emitter (i.e. M−1W (ηL) = (αW /2)
1/3(Tc)
−1
) is pi · 2/αW . It is lose to lmin ∼ 210 of
CMBR, whereas (△T/T ) is proportional to the inverse number of emitters (αW )3 ∼ 10−5.
The temperature history of the expanding universe opied in the onformal quantities looks
like the history of evolution of masses of elementary partiles in the old universe with the
onstant onformal temperature Tc = a(η)T = 2.73 K of the osmi mirowave bakground.
5.3. Large-sale struture of the matter distribution
In the ontrast to standard osmologial perturbation theory [13, 14, 15℄ the diffeo-invariant
version of the perturbation theory do not ontain time derivatives that are responsible for the
CMB primordial power spetrum in the inflationary model [15℄. However, the diffeo-invariant
version of the Dira Hamiltonian approah to GR gives us another possibility to explain the
CMBR spetrum and other topial problems of osmology by osmologial reation of the
vetor bosons onsidered above. The equations desribing the longitudinal vetor bosons in SM,
in this ase, are lose to the equations that follow from the Lifshits perturbation theory and are
used, in the inflationary model, for desription of the power primordial spetrum of the CMB
radiation.
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The next differenes are a nonzero shift vetor and spatial osillations of the salar poten-
tials determined by mˆ2(−) (see Fig. 3). In the sale-invariant version of osmology [24℄, the
SN data dominane of stiff state ΩStiff ∼ 1 determines the parameter of spatial osillations
mˆ2(−) =
6
7
H20 [ΩR(z + 1)
2 +
9
2
ΩMass(z + 1)]. The redshifts in the reombination epoh zr ∼ 1100
and the lustering parameter [40℄ rclustering =
pi
mˆ(−)
∼ pi
H0Ω
1/2
R (1 + zr)
∼ 130Mpc reently dis-
overed in the researhes of a large sale periodiity in redshift distribution [41, 42℄ lead to a
reasonable value of the radiation-type density 10−4 < ΩR ∼ 3 · 10−3 < 5 · 10−2 at the time of
this epoh.
6. Conlusions
We supposed that the Universe was reated in a speifi referene frame, where the Hamiltonian
approah to GR is onstruted in the finite spae-time with the diffeomorphisms keeping the
frame of referene. This frame is remembered by the produts of deay of the primordial massive
vetor bosons reated from the Bogoliubov stable vauum.
The physial ontent of the Universe is desribed by both the relativisti invariants (of the
type of amplitudes of sattering) and relativisti ovariant quantities like diffeo-invariant time,
finite volume, temperature, density, et. Therefore, in ontrast to the S-matrix approah that
depends on only relativisti invariants [43℄, for the omplete desription of the Universe we need a
set of diffeo-invariant physial quantities hanging under the Lorentz relativisti transformations
of the type of the dipole omponent of the CMBR appearing in the frame of an Earth observer.
Therefore, the quantum reation of the Universe in the finite spae-time requires the separation
of the transformations of frames from the diffeomorphisms in the ontext of the David Hilbert
formulation of GR [2℄.
Moreover, just this separation (inluding the hoie of an evolution parameter in GR as a
osmologial sale fator) simplifies the Hamiltonian equations and leads to exat resolution of
the energy onstraint with respet to the anonial momentum of the sale fator. The positive
and negative values of this momentum in the field spae of events play the role of the generators
of evolution forward and bakward, respetively. These values of the momentum onto equations
of motion an be alled the frame energies.
The solution of the problem of the negative frame energy by the primary quantization and
the seondary one (on the analogy of the pathway passed by QFT in the 20th entury) reveals in
GR all attributes of the theory of superfluid quantum liquid: Landau-type absene of frition,
London-type WDW wave funtion, and Bogoliubov-type ondensate of quantum universes.
The postulate of the quantum Bogoliubov vauum as the state with the minimal energy
leads to the absolute beginning of geometri time. The fundamental priniple of the Hermitian
Hamiltonian of the evolution in the field spae of events keeps only the potential perturbations of
the salar metri omponents in ontrast to the standard osmologial perturbation theory [13℄
keeping only the kineti perturbations and the frition term in the ation that is responsible for
the primordial power spetrum in the inflationary model [15℄. However, the Quantum Gravity
onsidered as the theory of superfluidity gives us a possibility to explain this spetrum and
other topial problems of osmology by the osmologial reation of the primordial W-, Z- bosons
from vauum, when their Compton length oinides with the universe horizon.
The Einstein orrespondene priniple identifies the onformal quantities with the measur-
able ones, and the unertainty priniple establishes the point of the beginning of the osmologial
reation of the primordial W-, Z- bosons from vauum due to their mass singularity at the mo-
ment a2I ≃ 10−29,H−1I ≃ 1 mm. The equations desribing the longitudinal vetor bosons in SM,
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in this ase, are lose to the equations of the inflationary model used for desription of the power
primordial spetrum of the CMB radiation. We listed the set of theoretial and observational
arguments in favor of that the CMB radiation an be a final produt of primordial vetor W-,
Z- bosons osmologially reated from the vauum.
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Appendix A: The energy density in the massive eletrodynamis
As the model of the matter let us onsider massive eletrodynamis in GR
S =
∫
d4x
√−g
[
−ϕ
2
0
6
R(g) + Lm
]
, (A.1)
where Lm is the Lagrangian of the massive vetor and spinor fields
Lm = −1
4
FµνFαβg
µαgνβ −M20AµAνgµν − ψ˜iγσ(Dσ − ieAσ)Ψ−m0ψ˜Ψˆ (A.2)
Fµν = ∂µAν − ∂νAµ is the stress tensor,
Dδ = ∂δ − i1
2
[γ(α)γ(β)]σδ(α)(β), (A.3)
is the Fok ovariant derivative [7℄, γ(β) = γ
µe(β)µ are the Dira γ-matries, summed with
tetrads e(β)ν , and σσ(α)(β) = e
ν
(β)(∇µe(α)ν) are oeffiients of spin-onnetion [7, 34℄.
The Lagrangian of the massive fields (A.2) an be rewritten in terms of the Lihnerowiz
variables
ALµ = Aµ, Ψ
L = a3/2ψ3Ψ, (A.4)
that lead to fields with masses depending on the sale fator aψ2
m(L) = m0aψ
2 = mψ2, M(L) =M0aψ
2 =Mψ2. (A.5)
These fields are in the spae defined by the omponent of the frame
ω
(L)
(0) = ψ˜
4 N˜ddx
0, (A.6)
ω
(L)
(a) = e(a)i(dx
i +N idx0). (A.7)
with the unit metri determinant |e| = 1.
As the result, the Lagrangian of the matter fields (A.2) takes the form
√−gLm(A, ψ˜,Ψ) = 1
i
ψ˜Lγ0
(
∂0 −Nk∂k + 1
2
∂lN
l − ieA0
)
ΨL − N˜dHΨ +
+N˜d
[
−J5(c)v[ab]ε(c)(a)(b) +
ψ˜4
2
(
vi(A)v
i
(A) −
1
2
FijF
ij
)
− ψ˜8M2A2(b) −
pi20
M2
]
− (A.8)
+N˜d ψ˜
6mψ˜LΨL − pi0[N iAi −A0] ,
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where the Legendre transformation A20/(2N˜d) = pi0A0 − N˜dpi20/2 with the subsiduary field pi0 is
used for linearizing the massive term;
HΨ = −ψ˜4[iψ˜Lγ(b)D(b)ΨL + J05σ − ∂kJk] (A.9)
is the Hamiltonian density of the fermions,
v[ab] =
1
2
(
e(a)iv
i
(b) − e(b)ivi(a)
)
, (A.10)
D(b)Ψ
L = [∂(b) −
1
2
∂ke
k
(b) − ieA(b)]ΨL, (A.11)
vi(A) =
1
ψ4N˜d
[∂0Ai − ∂iA0 + FijN j ] (A.12)
are the field veloities, and
J5(c) =
i
2
(ψ˜Lγ5γ(c)Ψ
L) , J05 =
i
2
(Ψ¯Lγ5γ
0ΨL), Jk =
i
2
Ψ¯LγkΨ
L ; (A.13)
are the urrents, σ = σ(a)(b)|(c)ε(a)(b)(c), where ε(a)(b)(c) denotes the Levi-Civita tensor.
The anonial onjugated momenta take the form
Pϕ = −2V0∂0ϕ
N0
= −2V0dϕ
dζ
≡ −2V0ϕ′ (A.14)
pψ =
∂K[ϕ|e]
∂(∂0 ln ψ˜)
= −8ϕ2v, (A.15)
pi(b) =
∂[K[ϕ|e] +√−gLm]
∂(∂0e(a)i)
= ei(a)
[
ϕ2
3
v(ab) − J5(c)ε(c)(a)(b)
]
, (A.16)
P i(A) =
∂[
√−gLm]
∂(∂0Ai)
= ψ˜4vi(A), (A.17)
P(Ψ) =
∂[
√−gLm]
∂(∂0ΨL)
=
1
i
ψ˜Lγ0. (A.18)
Then, the ation (A.1) one an be represented in the Hamiltonian form
S =
∫
dx0
[
−Pϕ∂0ϕ+N0
P 2ϕ
4V0
+
∫
d3x
(∑
F
PF∂0F + C − N˜dT 00t
)]
, (A.19)
where PF is a set of the field momenta (A.15)  (A.18),
T 00t = ψ˜
7△ˆψ˜ +
∑
I=0,4,6,8
ψ˜IτI , (A.20)
is the sum of the Hamiltonian densities inluding the gravity density
ψ˜7△ˆψ˜ ≡ ψ˜7 4ϕ
2
3
∂(b)∂(b)ψ˜, (A.21)
τI=0 =
6p˜(ab)p˜(ab)
ϕ2
− 16
ϕ2
pψ
2 +
pi20
2a2M2
, (A.22)
τI=4 =
Pi(A)P
i
(A) + FijF
ij
2
− [iψ˜Lγ(b)D(b)ΨL + J05σ − ∂kJk], (A.23)
τI=6 = mψ˜
LΨL, (A.24)
τI=8 =
ϕ2
6
R(3)(e) +
M2A2(b)
2
, (A.25)
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here p˜(ab) =
1
2 (e
i
(a)p˜(b)i + e
i
(b)p˜(a)i), p˜(b)i = p(b)i + e
i
(a)ε(c)(a)(b)J(c),
C = A0[∂iP i(A) + eJ0 − pi0] +N(b)T 0(b)t + λ0pψ + λ(a)∂kek(a) (A.26)
denotes the sum of the onstraints, where J0 = ψ˜
Lγ0Ψ
L
is the zero omponent of the urrent;
A0, Nd, N
i, λ0, λ(a) are the Lagrange multipliers inluding the Dira ondition of the minimal
3-dimensional hyper-surfae [8℄
p
ψ˜
= v = 0→ (∂0 −N l∂l) log ψ˜ = 1
6
∂lN
l, (A.27)
that gives a positive value of the Hamiltonian density (A.22), and
T 0(a)t
= − pψ∂(a)ψ˜ +
1
6
∂(a)(pψψ) + 2p(b)(c)γ(b)|(a)(c) − ∂(b)p(b)(a) + (A.28)
− 1
i
Ψ¯Iγ0∂(a)Ψ
I − 1
2i
∂(a)
(
Ψ¯Iγ0ΨI
)− P i(A)Fikek(a) − pi0A(a).
are the omponents of the total energy-momentum tensor T 0(a) = T
0
i e
i
(a).
Appendix B: Diffeo-Invariant Content of a Relativisti String
To illustrate the invariant Hamiltonian redution by putting strong onstraints like (32) let us
onsider the ation for a relativisti string [44℄ in the form whih has been done by L. Brink, P.
Di Vehia, P. Howe [45℄
S = −γ
2
∫ ∫
d2u
√−ggαβ∂αxµ(u0, u1)∂βxµ(u0, u1), (u0, u1) = (τ, σ), (B.1)
where xµ(τ, σ)  string oordinates given in d-dimension spae-time (µ = 0, 1, 2, . . . , d − 1),
gαβ(u0, u1)  is a seond-rank metri tensor on the string surfae (two dimensional Riemannian
spae u0, u1).
Now let us onsider the Hamiltonian sheme whih is based on the ArnowittDeserMisner
parametrization of metri tensor gαβ [46℄
gαβ = Ω
2
(
N20 −N21 N1
N1 −1
)
, gαβ =
1
Ω2N20
(
1 N1
N1 N
2
1 −N20
)
,
√−g = Ω2N0 (B.2)
with the onformal invariant interval
ds2 = gαβdu
αduβ = Ω2[N20 dτ
2 − (dσ +N1dτ)2], (B.3)
where N0 and N1(τ, σ) are known in GR as the lapse funtion and shift vetor, respetively
(ompare formulas (5)).
The ation (B.1) after the substitution (B.2) does not depend on the onformal fator Ω and
takes the form
S = −γ
2
∫ τ2
τ1
dτ
∫ l
0
dσ
[
(x˙µ −N1x′µ)2
N0
−N0x′2
]
, (B.4)
where x˙µ = ∂τxµ, x
′
µ = ∂σxµ and x˙µ − N1x′µ = Dxµ is the ovariant derivative with respet
to the metri (B.3). The ation (B.4), the metri (B.3) and the ovariant derivative Dxµ are
invariant under the kinemetri transformation τ → τ˜ = f1(τ), σ → σ˜ = f2(τ, σ) that are
similar to group of transformation in GR (27), (28). The kinemetri transformations of the
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differentials dτ˜ = f˙1(τ)dτ , dσ˜ = f˙2(τ, σ)dτ + f2
′(τ, σ)dσ orrespond to transformations of the
string oordinates (ompare with (28) in the text)
xµ
′(τ, σ) = x˜µ
′(τ˜ , σ˜)f2
′(τ, σ),
x˙µ(τ, σ) = ˙˜xµ(τ˜ , σ˜)f˙1(τ) + x˜µ
′(τ˜ , σ˜)f˙2(τ, σ), (B.5)
N0(τ, σ) = N˜0(τ˜ , σ˜)
f˙1(τ)
f2′(τ, σ)
, N1(τ, σ) = N˜1(τ˜ , σ˜)
f˙1
f˜2′
+
f˙2
f˜2′
,
Dτxµ(τ, σ) = f˙1(τ)Dτ˜ x˜µ(τ˜ , σ˜) (B.6)
The variation S with respet to N0 and N1 leads to equation for determination N0, N1
δS
δN0
=
(Dxµ)
2
N20
+ x′2 = 0 ⇒ N20 =
(x˙x′)2 − x˙2x′2
(x′2)2
, (B.7)
δS
δN1
=
(x′µDx
µ)
N0
⇒ N1 = (x˙x
′)
x′2
, (B.8)
The substitution of these equation in ation (B.4) onverts it into the standard NambuGoto
ation of the relativisti string [44℄
S = −γ
∫ τ2
τ1
dτ
∫ l
0
dσ
√
(x˙x′)2 − x˙2x′2. (B.9)
One an onstrut the Hamiltonian form of S. The onjugate momenta are determined by
pµ =
δS
δx˙µ
= γ
x˙µ −N1xµ′
N0
⇒ x˙µ = N0 pµ
γ
+N1xµ
′
(B.10)
and density of Hamiltonian is obtained by the Legendre transformation
H = pµx˙
µ − L = N0P
2 + γ2x′2
2γ
+N1(px
′), (B.11)
then
S = −
∫ τ2
τ1
dτ
∫ l
0
dσ [pµx˙
µ −H] . (B.12)
The seondary lass onstraints arises by varying S with respet to N0, N1
δS
δN0
=
p2 + γ2x′2
2γ
= 0,
δS
δN1
= (px′) = 0. (B.13)
The equations of motion take the form
δS
δxµ
= p˙µ − ∂
∂σ
(γN0x
′
µ +N1pµ) = 0,
(B.14)
δS
δpµ
= x˙µ −N0 pµ
γ
+N1x
′
µ = 0.
The standard gauge-fixing method is to fix the seond lass onstraints (orthonormal gauge)
N0 = 1, N1 = 0. In this ase the equations of motion (B.14) redue to d'Alambert ones for xµ
p˙µ = γxµ
′′, x˙µ =
pµ
γ
⇒ x¨µ − xµ′′ = 0, (B.15)
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the onformal interval (B.3) takes the usual form
ds2 = Ω2[dτ2 − dσ2],
but the Hamiltonian (B.11) in view of the onstraint (B.13) is equal to zero (H = 0).
There is another way to introdue evolution parameter as the objet reparameterizations in
the theory being adequate to the initial kinemetri invariant system and to onstrut the non-
zero Hamiltonian. Aordingly to (39) we identify this evolution parameter with the time-like
variable of the enter of mass (CM) of a string defined as the total oordinate
Xµ(τ) =
1
l
∫ l
0
xµ(τ, σ)dσ. (B.16)
Therefore, the redution requires to separate the enter of mass variables before variation of
the ation (B.4) whih after substitution
xµ = Xµ(τ) + ξµ(τ, σ), x
′
µ(τ, σ) = ξ
′
µ(τ, σ), (B.17)
∫ l
0
ξµ(τ, σ) = 0 (B.18)
takes the form
S =
γ
2
∫ τ2
τ1
dτ
{
X˙2(τ)
∫ l
0
dσ
N0(τ, σ)
+ 2X˙µ(τ)
∫ l
0
dσ
(
ξ˙µ −N1ξ′µ
N0
)
+
+
∫ l
0
dσ
[
(ξ˙µ −N1ξ′µ)2
N0
−N0ξ′2(τ, σ)
]}
. (B.19)
The usual determination of the onjugate momenta
Pµ(τ) =
δS
δX˙µ(τ)
= γX˙µ(τ)
∫ l
0
dσ
N0(τ, σ)
+ γ
∫ l
0
dσ
(
ξ˙µ(τ, σ) −N1ξ′µ(τ, σ)
N0(τ, σ)
)
, (B.20)
piµ(τ, σ) =
δS
δξ˙µ(τ, σ)
= γX˙µ(τ)
1
N0(τ, σ)
+ γ
ξ˙µ(τ, σ) −N1ξ′µ(τ, σ)
N0(τ, σ)
(B.21)
leads to the ontradition beause Pµ(τ) and piµ(τ, σ) are not independent , namely
∫ l
0 piµ(τ, σ)dσ =
Pµ(τ) (ompare (47), (48), (55)).
Thus for the onsistent definition of the momentum of enter-mass Pµ(τ) and momentum
of intrinsi variables piµ(τ, σ) we have to put strong onstraint in ation (B.19) (ompare (53))∫
dσ
(
ξ˙µ(τ, σ)−N1ξ′µ(τ, σ)
N0
)
= 0. (B.22)
Then we obtain the following form of the redued ation:
Sred =
γ
2
∫
dτ
{
X˙2(τ)
l
N(τ)
+
∫ l
0
dσ
[
[ξ˙µ(τ, σ)−N1ξ′µ(τ, σ)]2
N0(τ, σ)
−N0(τ, σ)ξ′ν2(τ, σ)
]}
, (B.23)
where N(τ) is the global lapse funtion
1
N(τ)
=
1
l
∫ l
0
dσ
N0(τ, σ)
= 〈N−10 〉. (B.24)
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For global momenta (ompare with (47)) we get
Pµ(τ) =
∂Sred
∂X˙µ(τ)
= γX˙µ(τ)
l
N(τ)
(B.25)
and for the loal (intrinsi) momenta (ompare with (48))
piµ(τ, σ) =
∂Sred
∂ξ˙µ(τ, σ)
= γ
ξ˙µ(τ, σ)−N1(τ, σ)ξ′µ(τ, σ)
N0(τ, σ)
(B.26)
with two strong onstraints (B.18) and (B.22)∫ l
0
ξµ(τ, σ)dσ = 0,
∫ l
0
piµ(τ, σ)dσ = 0. (B.27)
This separation onserves the group of the kinemetri transformation (B.5) and leads to Hamil-
tonian form of redued ation, in view of
X˙µ(τ) =
N(τ)
l
Pµ(τ)
γ
; ξ˙µ(τ, σ) =
N0(τ, σ)
γ
piµ(τ, σ) +N1(τ, σ)ξ
′
µ(τ, σ), (B.28)
we get
H = PµX˙
µ(τ) + piµξ˙
µ − L = 1
2γ
{
N0(τ, σ)
l
P 2(τ) +N0(τ, σ)[pi
2 + γ2ξ′2] + 2γN1(piξ
′)
}
, (B.29)
S =
∫ τ2
τ1
dτ
{
Pµ(τ)X˙
µ(τ)−N(τ)P
2(τ)
2γl
+
∫ l
0
dσ
[
(piξ˙)−N0pi
2 + γ2ξ′2
2γ
−N1(piξ′)
]}
. (B.30)
The equation of motion is split into global one
δS
δX˙µ(τ)
= P˙µ(τ) = 0,
δS
δPµ(τ)
= X˙µ(τ)−N(τ)Pµ
γl
= 0
and loal one
δS
δpiµ(τ, σ)
= ξ˙µ(τ, σ)− N0
γ
piµ−N1ξ′µ = 0, −
δS
δξµ(τ, σ)
= p˙iµ− ∂
∂σ
(N1piµ+γN0ξ
′
µ) = 0. (B.31)
The variation of the ation (B.30) with respet to N0(τ) results in the onstraint
δS
δN0(τ, σ)
=
N2(τ)
N20 (τ, σ)
P 2(τ)
2γl2
+
pi2(τ, σ) + γ2ξ′2(τ, σ)
2γ
= 0, (B.32)
here it is neessary to take into aount that the variation over the global lapse funtion (B.24)
leads to
δN(τ)
δN0(τ, σ)
=
N2(τ)
N20 (τ, σ)
. (B.33)
The variation of the (B.30) with respet to N1(τ, σ) results in the onstraint for loal variables
δS
δN1(τ, σ)
= (piξ′(τ, σ)) = 0. (B.34)
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Now we introdue the Hamiltonian density for loal exitations
H(τ, σ) = −pi
2(τ, σ) + γ2ξ′2(τ, σ)
2γ
(B.35)
and rewrite (B.32) in the form
N(τ)
N0(τ, σ)l
√
P 2µ(τ) =
√
2γH(τ, σ). (B.36)
One integrates (B.36) over σ and taking into aount the normalization equality (B.24)
1
l
∫ l
0
N(τ)
N(τ, σ)
dσ = 1, (B.37)
it leads to global onstraint
Mst =
√
P 2µ(τ) =
∫ l
0
√
2γH(τ, σ)dσ = l〈
√
2γH〉, (B.38)
where Mst is mass of the string. The loal part of the onstraint (B.36) an be obtained by
substitution (B.38) into (B.36)
N(τ)
N0(τ, σ)
=
√H(τ, σ)
〈√H〉 , (B.39)
whih oinide with the equation (37) in the text. Finally, after substitution (B.38), (B.39) into
ation (B.30) we an derive the onstraint-shell ation, whereas the equation N(τ)P 2(τ)/2γl =∫
N0(τ, σ)H(τ, σ)dσ
Sconst−shell =
∫ τ2
τ1
dτ{PµX˙µ(τ) +
∫ l
0
dσ[piµ(τ, σ)ξ˙
µ(τ, σ)−N1(τ, σ)piµ(τ, σ)ξ′µ(τ, σ)]}. (B.40)
Again the variation with respet toN1(τ, σ) results in subsidiary ondition (piµ(τ, σ)ξ
′µ(τ, σ)) = 0.
Now in the enter-mass oordinate system Pi(τ) = 0, P0(τ) =
∫ l
0 dσ
√
2γH(τ, σ) the ation
(B.40) takes the form
Sconst−shell =
∫ τ2
τ1
dτ
∫ l
0
dσ{piµ(τ, σ)ξ˙µ(τ, σ) +
√
2γH(τ, σ)X˙0(τ)}, (B.41)
whih desribes the dynamis of a loal (intrinsi) anonial variables of a string with non-zero
Hamiltonian beause (B.41) an be rewritten in the form
Sconst−shell =
∫ x2
x1
dX0
∫ l
0
dσ
{
piµ(X0, σ)
∂ξµ(X0, σ)
∂X0
+
√
2γH(X0, σ)
}
, (B.42)
where
2γH(X0, σ) = −[pi2(X0, σ) + γ2ξ′2(X0, σ)]
and time dX0 = X˙0(τ)dτ is invariant with respet to dτ˜ = f1dτ.
In the gauge-fixing method, by using the kinemetri transformation, we have to putN0(τ, σ) = 1,
N1(τ, σ) = 0 (this requirement does not ontradit to Eq. (B.37) in view of Eqs. (B.38), (B.39)).
Then aording to [48℄ √
H(τ, σ) = 1
l
∫ l
0
dσ
√
H(τ, σ) = Mst√
2γ l
(B.43)
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means that the Hamiltonian
√
2γH(τ, σ) is onstant. In this ase the equations for the loal
variables obtained by varying the ation (B.42) take the form
δS
δpiµ(X0, σ)
=
∂ξµ(X0, σ)
∂X0
− piµ(X0, σ)√−(pi2 + γ2ξ′2) = 0, (B.44)
δS
δξµ(X0, σ)
= −∂piµ(X0, σ)
∂X0
+ γ2
∂/∂σξ′µ(X0, σ)√−(pi2 + γ2ξ′2) = 0. (B.45)
If we put
√−(pi2 + γ2ξ′2) = γ, (Mst = γl), then it leads again to d'Alambert equation for
ξµ(X0, σ)
∂2ξµ(X0, σ)
∂X20
=
∂2ξµ(X0, σ)
∂σ2
. (B.46)
The general solution of these equations in lass of funtions (B.27) with boundary onditions for
the open string ξ′µ(X0, 0) = ξ
′
µ(X0, l) = 0 is given as usually by the Fourier series
ξµ(X0, σ) =
1
2
√
γ
[Ψµ(X0 + σ) + Ψµ(X0 − σ)],
ξ′µ(X0, σ) =
1
2
√
γ
[Ψ′µ(X0 + σ)−Ψ′µ(X0 − σ)], (B.47)
piµ(X0, σ) =γ
∂ξµ(X0, σ)
∂X0
=
√
γ
2
[Ψ′µ(X0 + σ) + Ψ
′
µ(X0 − σ)],
where
Ψµ(z) = i
∑
n 6=0
αnµ
n
e−
ipin
l
z, Ψ′µ(z) =
pi
l
∑
n 6=0
αnµe
− ipin
l
z
(B.48)
(it does not ontain zero harmonis (n 6= 0)). The substitution of ξµ and piµ in this form into
(B.35) and taken into onsideration (B.43) leads to density of Hamiltonian
H = −1
4
[Ψ′2µ(X0 + σ) + Ψ
′2
µ(X0 − σ)] =
M2st
2γl2
. (B.49)
For the onstraint (piξ′) = 0 in terms of the vetor Ψ′µ (B.47) we obtain
piµ(X0, σ)ξ
′µ(X0, σ) =
1
4
[Ψ′2µ(X0 + σ)−Ψ′2µ(X0 − σ)] = 0, (B.50)
then from (B.49) and (B.50) finally we get
Ψ′µ
2(X0 + σ) = Ψ
′
µ
2(X0 − σ) = −M
2
st
l2γ
. (B.51)
It means that Ψ′µ(z) is the modulo-onstraint spae-like vetor and in terms of its representation
(B.48) the equalities (B.51) an be rewritten
−Ψ′µ2(z) =
pi2
l2
∞∑
k=−∞
Lke
−ipik
l
z =
M2st
l2γ
, (B.52)
where
Lk = −
∑
n 6=k,0
αnµα
µ
k−n, L
∗
k = L−k .
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Now we an see that the zero harmoni of this onstraint determines the mass of a string
M2st = pi
2γL0 = −piγ
∑
n 6=0
αnµα
µ
−k, α
µ
−k = α
∗
k
µ
(B.53)
and oinides with standard definition in string theory [44℄, however the non-zero harmonis of
onstraint (B.52)
Lk 6=0 = −
∑
n 6=0,k
αnkα
µ
k−n = 0 (B.54)
strongly differ from the standard theory beause they do not depend on the global motion(do
not depend on Pµ) and do not ontain the interferene term PµΨ
µ′
, beause of our onstraint
(B.51) we an rewrite
l2γΨ′µ
2(z) + P 2µ = 0 (B.55)
instead standard one [44℄
(Pµ + l
√
γΨ′µ(z))
2 = 0. (B.56)
Therefore our approah oinides with the Rohrlih one [47℄, whih is based on the gauge on-
dition Pµξ
µ = 0, Pµpi
µ = 0 ⇒ Pµαµn = 0, n 6= 0. One use of that ondition for eliminating
the time omponents ξ0, pi0 being onstruted in the frame of referene (Pi = 0) leads to formula
(B.47)(B.54), where Ψ′0 and αn0 are equal to zero.
Referenes
[1℄ A. Einstein, Sitzungber. Preuss. Akad. Wiss., B. 44, 2, 778 (1915).
[2℄ D. Hilbert, Nahrihten von der Kon. Ges. der Wissenshaften zu Gottingen, Math.-Phys.
Kl., Heft 3, 395 (1915).
[3℄ H. Poinare, C.R. Aad. Si., Paris, 140, 1504 (1904).
[4℄ E. Noether, Gottinger Nahrihten, Math.-Phys. Kl., 2, 235. (1918).
[5℄ D. Hilbert, Math. Annalen. 92, 1 (1924).
[6℄ V.V. Nesterenko, About Interpretation of the Noether Identities Preprint JINR - P2-86-284,
Dubna, 1986.
[7℄ V.A. Fok, Zs. f. Phys. 57, 261 (1929).
[8℄ P.A.M. Dira, Pro.Roy.So. A 246, 333 (1958); P.A.M. Dira, Phys. Rev. 114, 924 (1959);
R. Arnowitt, S. Deser and C.W. Misner, Phys. Rev. 117, 1595 (1960).
[9℄ A.L. Zelmanov, Dokl. AN USSR 107, 315 (1956); A.L. Zelmanov, Dokl. AN USSR 209, 822
(1973); Yu.S. Vladimirov, Referene Frames in Theory of Gravitation, Mosow, Energoizdat,
1982,[in Russian℄.
[10℄ J.A. Wheeler, in Batelle Reontres: 1967, Letures in Mathematis and Physis, edited by
C. DeWitt and J.A. Wheeler , New York, 1968, p. 242; B.C. DeWitt, Phys. Rev. 160, 1113
(1967).
[11℄ M. Pawlowski, V.N. Pervushin, Int. J. Mod. Phys. A 16, 1715 (2001); [hep-th/0006116℄.
28
[12℄ B.M. Barbashov, V.N. Pervushin, and D.V. Proskurin, Theoretial and Mathematial
Physis, 132, 1045 (2002).
[13℄ E.M. Lifshits, ZhETF 16, 587 (1946).
[14℄ J.M. Bardeen, Phys.Rev. D 22, 1882 (1980); H. Kodama, M. Sasaki, Prog. Theor. Phys.
Suppl. 78 1 (1984).
[15℄ V.F. Mukhanov, H.A. Feldman and R.H. Brandenberger, Phys. Rep. 215, 206 (1992).
[16℄ B. M. Barbashov, V.N. Pervushin, A.F. Zakharov, V.A. Zinhuk, hep-th/0501242.
[17℄ B.M. Barbashov, V.N. Pervushin, A.F. Zakharov, V.A. Zinhuk, Invited talk at the Vth
International Conferene on Non-Aelerator New Physis, (Dubna, Russia, June 2025, 2005),
astro-ph/0507368.
[18℄ A. Lihnerowiz, Journ. Math. Pures and Appl. B 37, 23 (1944).
[19℄ J.W. York. (Jr.), Phys. Rev. Lett. 26, 1658 (1971); K. Kuhar, J. Math. Phys. 13, 768
(1972).
[20℄ L.D. Landau, ZhETF 11, 592 (1941).
[21℄ F. London, Nature 141, 643 (1938).
[22℄ N.N. Bogoliubov, J. Phys. 11, 23 (1947).
[23℄ V.N. Pervushin, V.A. Zinhuk, Invited talk at the XXXIX PNPI Winter Shool on Nulear
Partile Physis and XI St. Petersburg Shool on Theoretial Physis (St. Petersburg, Repino,
February 14 - 20, 2005), gr-q/0504123;
A.F. Zakharov, V.A. Zinhuk, and V.N. Pervushin, Physis of Partiles and Nulei, 37 (2006)
to be published.
[24℄ D. Behnke, D.B. Blashke, V.N. Pervushin, and D.V. Proskurin, Phys. Lett. B 530, 20
(2002); [gr-q/0102039℄.
[25℄ D. Blashke, D. Behnke, V. Pervushin, and D. Proskurin, in Proeedings of the XVIIIth IAP
Colloquium On the Nature of Dark Energy, Paris, July 1-5, 2002; Report-no: MPG-VT-UR
240/03; [astro-ph/0302001℄.
[26℄ D. Behnke, Conformal Cosmology Approah to the Problem of Dark Matter, PhD Thesis,
Rostok Report MPG-VT-UR 248/04 (2004).
[27℄ S. Weinberg, First Three Minutes. A Modern View of the Origin of the Universe, Basi
Books, In., Publishers, New-York, 1977.
[28℄ A.G. Riess et al., Astron. J. 116, 1009 (1998); S. Perlmutter et al., Astrophys. J. 517, 565
(1999).
[29℄ A.G. Riess et al., Astrophys. J. 560, 49 (2001).
[30℄ D.B. Blashke, S.I. Vinitsky, A.A. Gusev, V.N. Pervushin, and D.V. Proskurin, Physis of
Atomi Nulei 67, 1050 (2004); [hep-ph/0504225℄.
[31℄ A. Gusev et al. (2004) In Problems of Gauge Theories, JINR D2-2004-66, Dubna, 127-130.
29
[32℄ B. Greene, K. Shalm, J. P. van der Shaar, astro-ph/0503458.
[33℄ P.A.M. Dira, Can. J. Phys., 33, 650 (1955); I.V. Polubarinov, Physis of Partiles and
Nulei 34, 377 (2003); V.N. Pervushin, Physis of Partiles and Nulei 34, 348 (2003).
[34℄ L.D. Landau, E.M. Lifshitz, Classial Theory of Fields, Pergamon, 1975.
[35℄ J.V. Narlikar, Introdution to Cosmology, Jones and Bartlett, Boston, 1983.
[36℄ V.N. Pervushin, Riv. Nuovo Cimento, 8 N 10, 1 (1985).
[37℄ N. Ilieva, V.N. Pervushin, Int. J. Mod. Phys. 6, 4687 (1991).
[38℄ S. Gogilidze, N. Ilieva, V.N. Pervushin, Int. J. Mod. Phys. A 14, 3531 (1999).
[39℄ P.Z. Jordan, Phys. 93, 464 (1935).
[40℄ V.I. Klyatskin, Stohasti Equations from Physiist Point of View, Mosow, Fizmatlit, 2001
[in Russian℄.
[41℄ W.J. Coke, W.G. Tifft, Astrophys. J., 368, 383 (1991) .
[42℄ K. Bajan, P. Flin, W. God lowski, V. Pervushin, and A. Zorin, Spaetime & Substane 4,
225 (2003) .
[43℄ S. Weinberg, The Quantum Theory of Fields, Volume II, Modern Appliations, Cambridge,
University Press, 2001.
[44℄ B.M. Barbashov, V.V. Nesterenko, Introdution in the Relativisti String Theory (World
Sientifi, 1990).
[45℄ L. Brink, P. Di Vehia, P. Howe, Phys. Lett B 65, 47 (1976).
[46℄ B.M. Barbashov and V.N. Pervushin, Theor. Math. Phys. 127 483 (2001); [hep-th/0005140℄.
[47℄ F. Rohrlih, Phys. Rev. Lett. 34, 842 (1975); Nul. Phys. B 112, 177 (1976); Ann. Phys.
117, 292 (1979).
[48℄ B.M. Barbashov and N.A. Chernikov, Classial Dynamis of Relativisti String [in Russian℄,
Preprint JINR P2-7852, Dubna, 1974; A.G. Reiman and L.D. Faddeev, Vestn. Leningr. Gos.
Univ., No.1, 138 (1975) [in Russian℄.
30
